Abstract -Oxygen s e l f -d i f f u s i o n has been studied i n alumina s i n g l e c r y s t a l s i n the temperature range 1520-1750°C by means o f t h e g a s -s o l i d isotope exchange technique. A f t e r d i f f u s i o n anneal ing, p r o f i l e s o f oxygen-18 were determined by Secondary I o n Mass Spectrometry. Results i n d i c a t e t h a t two d i f f u s i o n mechanisms are involved: a b u l k d i f f u s i o n mechanism and a subboundary one. The b u l k d i f f u s i o n mechanism can be described by: D(cmz/s) = 99.6 exp ( -626(kJ/mol)/RT) w h i l e subboundary c o e f f i c i e n t s obey: D' (cmZ/s) = 3 X 1013 exp (-877(kJ/mol)/RT).
The l a r g e value o f the a c t i v a t i o n energy obtained f o r t h e subboundary d i f f u s i v i t y ( l a r g e r than those r e l a t e d t o the volume one) i s a t t r i b u t e d t o the segregation o f an i m p u r i t y along the subboundaries.
-INTRODUCTION
Owing t o i t s remarkable p r o p e r t i e s (high m e l t i n g p o i n t , low e l e c t r i c a l c o n d u c t i v i t y ) alumina i s a widely used ceramic m a t e r i a l . To understand the k i n e t i c s o f many processes occuring a t h i g h temperatures o f the use o f t h i s oxide such as s i n t e r i n g , g r a i n growth and creep i t i s necessary t o e x p l a i n how oxygen d i f f u s e s w i t h i n the s o l i d . Though several oxygen s e l f d i f f u s i o n s t u d i e s i n a-Al,03
have already been c a r r i e d out, t h e r e i s an important spread i n the data and t h e d i f f u s i o n mechanisms involved i n t h i s system are n o t y e t f u l l y understood.
I n t h e present study, new oxygen s e l f -d i f f u s i o n c o e f f i c i e n t s are determined by means o f a Secondary I o n Mass Spectrometer equipped t o analyse i n s u l a t i n g samples, and t h e importance o f t h e s h o r t -c i r c u i t d i f f u s i o n i s pointed out.
-EXPERIMENTAL PROCEDURE
Single c r y s t a l s grown by t h e Verneuil method were supplied by t h e Bai'kowski Chimie Company. The p r i n c i p a l i m p u r i t i e s were as f o l l o w s : 50 ppm Si, 40 K, 15 Ca, 10 Mg.
A f t e r o r i e n t a t i o n using t h e b a c k -r e f l e c t i o n Laue d i f f r a c t i o n technique, p l a t e s were c u t from the boules so t h a t t h e i r l a r g e faces correspond t o a (0001) plane. These faces were then mechanically polished using successive grades o f diamond pastes down t o 2 m.
-D i f f u s i o n annealing
A l l samples were f i r s t preannealed i n an oxygen-16 atmosphere d u r i n g a t l e a s t 12 hours a t the same temperature as was l a t e r used f o r t h e d i f f u s i o n treatments. The l a t t e r were c a r r i e d o u t by t h e gas-sol i d isotope exchange method using 180-enriched gas a t a pressure p = 20 kPa i n t h e temperature range 1520-1750°C.
2.3 -D i f f u s i o n a n a l y s i s Analysis o f the d i f f u s i o n p r o f i l e s were performed by SIMS, using a CAMECA IMS4F. The primary beam was made o f p o s i t i v e cesium ions ; i t s i n t e n s i t y was o f the order o f 100 nA o r less. I n order t o prevent the storage o f e l e c t r i c a l charges on t h e surface o f the samples, they were coated w i t h about 20 nm o f Au metal and a coaxial e l e c t r i c gun was used t o n e u t r a l i z e r e s i d u a l charges.
Two d i f f e r e n t kinds o f analysis were performed :
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-l i n e scan f o r samples annealed a t h i g h temperatures ( " l a r g e penetrations", 1 m). I n t h i s case, a bevelled section o f the samples was prepared befot a n a l y s i s (angles o f the order o f 30').
Crater depths o r bevel angles were measured by means o f a Talystep roughness meter, I n the case o f depth p r o f i l i n g , penetrations could be deduced from t h e c r a t e r depi the t o t a l s p u t t e r i n g time assuming t h e amount o f oxygen secondary ions emitted d u r i n g a time t o be p r o p o r t i o n a l t o t h e amount o f m a t e r i a l sputtered d u r i n g t h e same time. I n thc scan method, t h e h o r i z o n t a l distance analysed had t o be converted i n t o a depth.
The concentrations o f oxygen-18 were c a l c u l a t e d from t h e measured i o n i c i n t e n s i t i e ! a f t e r c a l i b r a t i o n o f a background ( c a l i b r a t i o n on the n a t u r a l isotope abundance: 0.2 l 8 0 ) . annealing for t = 84h and T = 1630°C).
-RESULTS

An example o f a SIMS p r o f i l e i s given i n Figure 1. The concentration-penetration I p l o t t e d from such p r o f i l e s e x h i b i t two d i f f e r e n t parts: a f a s t decrease o f 180-concent~ f o r short penetrations (50 t o 150 nm) followed by a second p a r t w i t h a slower (Figure 2). I t can be deduced from these p l o t s t h a t two mechanisms a r e involved : c d i f f u s i o n mechanism and a s h o r t -c i r c u i t mechanism.
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-Bulk diffusion mechanism :
In the case of constant surface concentration, the solution of Fick's second law is /l/:
where X is the penetration C is the measured 180-concentration CS is the superficial concentration C m is the natural abundance of the tracer t is the annealing time D is the bulk diffusion coefficient.
The first part of the concentration-penetration plots leads to profiles in Argerf ( -Cs)/x coordinates which fit this solution properly (Figure 3) . From the slope C m -CS of each of these l inear plots, a bulk diffusion coefficient D is deduced.
The expression of these coefficients as a function of the temperature T can be written : 3.2 -Short-circuit mechanism :
The existence of two parts in the concentration-penetration profiles suggest thi diffusion experiments were performed in the so called "B" kinetic regime /2/. The : segment must then be related to short-circuit defects. Assuming they were disloci arranged as subboundaries, the diffusion tails were analysed using the solution establ by Whipple /3/ and developed by Le Claire /4/ for grain-boundary diffusion in the ci constant superficial concentration conditions :
where 6 is the grain-boundary thickness and D the bulk diffusion coefficient
From the slopes of the profiles obtained in log C/x6I5 coordinates, subbou diffusion coefficients were deduced. Taking on effective thickness B = 1 nm, they obey : Figure 4 shows diffusion profiles in log C/x6I5 coordinates obtained for se diffusion experiments performed at the same annealing temperature but during diff annealing times : the linearity of the curves and the dependence of their slope o annealing time are to be noticed.
Both bulk and subboundary diffusion coefficients are collected in the table 1 
